This paper reports a laboratory experiment that studies several features of a tradable emission permit program recently implemented in the Los Angeles area. The experiment focuses on the new Electronic Bulletin Board trading institution, in which firms publicly post proposed terms of trade. Potential trading partners can review this information online, and transactions are executed following bilateral negotiation. The experiment includes trading restrictions implemented in the regulations due to the geography of Los Angeles. We find that the bulletin board market performs well and that prices reflect market conditions as accurately as in the continuous double auction trading institution.
Introduction
The 13 million residents in the South Coast Air Basin (centered in Los Angeles) suffer from the worst air pollution in the United States. Although the region's air quality has steadily improved over the last twenty years-particularly in the 1990s (Los Angeles Times, October 21, 1995, 1)-continued emission reductions are required to meet state and federal clean air standards. On January 1, 1994, the South Coast Air Quality Management District (AQMD) launched a tradable emission permit program called the Regional Clean Air Incentives Market (RECLAIM) to obtain reductions in hazardous pollutants and meet the Basin's air quality improvement objectives. This ambitious emissions trading program represents a significant shift in emission reduction strategy, relative to traditional command and control regulation. Its market-based incentive approach provides more flexibility to firms than other forms of environmental regulation, and the AQMD adopted this plan as a means to sustain growth in the Southern California economy while continuing improvements in air quality.
In this paper, we report a laboratory experiment that studies two specific features of RECLAIM. The design includes six laboratory sessions. In three of the sessions, subjects identify potential trading partners using an electronic "bulletin board," similar to the electronic bulletin board sponsored by AQMD to facilitate RECLAIM trading. Firms seeking to sell or buy permits can publicly post basic information about their needs, interests, and proposed terms of trade, and potential trading partners can review this information online. Transactions are then executed following bilateral negotiation. This new centralized, electronic trading institution has become feasible only recently because of advances in computer and telecommunication capabilities, and it has not been studied carefully using empirical or theoretical methods. Besides RECLAIM trading, electronic bulletin boards have been used for trading other items such as limited partnerships and recyclable materials. The remaining three sessions employ the continuous double auction trading institution to provide a benchmark for comparison with the bulletin board market. Variants of the double auction institution are employed on financial and commodity markets, and previous laboratory research has documented its superior performance properties relative to other trading institutions. (See Friedman (1993) or Davis and Holt (1993, chapter 3) for surveys.)
We find that the bulletin board market performs surprisingly well in this environment. Prices in the bulletin board market are as accurate as prices in the continuous double auction, and price volatility is no higher in the bulletin board market compared to the double auction.
In addition to the trading institution, our laboratory markets study one other important feature of RECLAIM. RECLAIM rules prohibit some trades that allow emissions to migrate from a defined Inland zone to a Coastal zone. This restriction is intended to limit upwind (Coastal) emissions to maintain air quality improvements downwind (Inland).
2 Therefore, new firms in the Coastal zone cannot purchase permits allocated to the Inland zone, but firms in the Inland zone can buy permits allocated to either zone. If the within-zone supply and demand conditions imply higher prices in the Coastal zone than in the Inland zone, these price differences can persist in equilibrium because Inland zone firms will not wish to import the higher-priced Coastal permits. But if the within-zone supply and demand conditions imply lower prices in the Coastal zone than in the Inland zone, then in the inter-zone trading equilibrium no price differences across zones can exist. This occurs because Inland firms will import the lower-priced Coastal permits. This permit migration increases the Coastal permit price and reduces the Inland permit price; in equilibrium the two prices must be equal. Carefully designed inter-zone trading rules of this kind can create economic incentives for firms to move emissions to regions where they do less environmental harm.
We study the impact of inter-zone trading by introducing it as a treatment variable. In all sessions, some sellers were endowed with Coastal permits and other sellers were endowed with Inland permits, and some buyers could only purchase Coastal permits. In one treatment, the remaining buyers could only purchase Inland permits. This treatment represents the policy choice of no inter-zone trading (autarky). In the other treatment, some of the buyers could purchase either Coastal or Inland permits. This treatment represents the policy choice made by AQMD to allow Inland firms to buy permits originating in either zone. In all sessions, the within-zone demand and supply conditions imply a lower price in the Coastal zone than in the Inland zone. Theory therefore predicts that Inland prices will exceed the Coastal prices in the autarky treatment without inter-zone trading, and that Inland prices will equal Coastal prices in the treatment with inter-zone trading permitted. Consistent with this prediction, prices were significantly different in the Coastal and Inland zones for both trading institutions in the autarky treatment. When trading across zones was permitted, prices equalized across zones in both relevant double auction sessions, but only equalized across zones in one of the two relevant bulletin board market sessions.
The remainder of the paper is organized as follows. Section 2 provides some details of the RECLAIM program and a brief summary of the literature on tradable permit programs. Section 3 presents the experimental environment and design, and Section 4 reports the results. Section 5 concludes with a brief discussion.
Institutional Background and Literature
RECLAIM is targeted at two major pollutants emitted from stationary sources, Nitrogen Oxides (NO X ) and Sulfur Oxides (SO X ). These two pollutants have been singled out because (1) the Basin does not meet the standard set by the Federal Clean Air Act for these pollutants and (2) there are a relatively small number of facilities emitting these pollutants so it is easier to control, regulate, and monitor emissions from this small group. All facilities emitting 4 tons or more (per year) of NO X or SO X from permitted equipment are included in RECLAIM. Approximately 390 facilities are currently in the NO X market, which collectively represent about 65 percent of the reported NO X emissions from all permitted stationary sources in the Basin. The SO X market consists of 41 facilities, which represent about 85 percent of the reported SO X emissions from all permitted stationary sources.
Each facility in RECLAIM is allocated a certain number of RECLAIM Trading Credits (henceforth RTCs or simply "permits") for equipment or processes that emit NO X or SO X . This allocation depends on peak activity levels for each type of permitted equipment between 1989 and 1992. Each facility receives an allocation for each year between 1994 and 2000 based on a straight line rate of reduction calculated from the starting allocation to the allocation in the year 2000. For the years 2001 to 2003, the allocation levels are decreased further. Allocations for each year from 2004 to 2010 will be equal to the 2003 allocation unless the AQMD decides that further reductions are required. Average annual percentage reduction rates for facilities range between 7.1 and 8.7 percent in the NO X market and between 4.1 and 9.2 percent in the SO X market (SCAQMD 1993) .
The defining feature of this form of incentive regulation is that facilities are free to buy and sell RTCs. Firms can and do sign contracts to deliver long-term streams of RTCs, which differ by (1) allocation zone, (2) pollutant (NO X or SO X ), and (3) expiration year. The AQMD does not regulate the market or control prices, but it keeps track of RTCs and prices in an official RTC registry. All facilities with an allocation can sell, trade, or transfer all or portions of their allocation in any given compliance year. New facilities in the Basin must buy RTCs to cover their projected emissions. Existing facilities must buy RTCs to meet operational requirements if they increase emissions beyond their annual allocation.
The basic economic rationale for a marketable permits program is that a firm has the incentive to buy a permit if the permit price is less than its marginal cost of pollution abatement. Similarly, it has the incentive to sell a permit if the permit price exceeds its marginal cost of abatement. Unlike most earlier environmental regulations, the regulator does not command that firms undertake specific emission control decisions. Instead, the program creates incentives for firms to undertake profitable emission reduction decisions based on the price of RTCs. Some firms may be able to switch to pollution decreasing technology faster or relatively costlessly, or may switch to a different kind of input that leads to less pollution; but for other firms the costs of doing so may be significantly greater. By responding to these market incentives the firms that can control pollution at a lower cost make the emission reductions, and in the competitive market equilibrium any air quality objective can be met at the lowest possible cost.
In practice, however, the performance of the marketable permit programs implemented in the United States has been mixed at best. 3 In the Lead Permits Program, refineries traded the rights to use lead as this additive was phased out in gasoline, and the market was allowed to function without many restrictions. This resulted in vigorous trading with apparently large cost savings (Kerr and Mare 1996) . By contrast, the EPA imposed stringent restrictions in its emission trading program, which had the effect of increasing transactions costs and introducing significant uncertainty (Foster and Hahn 1995) . These transaction costs limited the program from realizing large potential cost savings. (See Stavins (1995) for a theoretical analysis.) 4 Trading institutions can have a major impact on transactions costs, and a focus of the present study is the performance of trading institutions in terms of price accuracy and volatility. These performance measures are related to transaction costs because they indicate the quality of information contained in transaction prices. Policy-makers can influence the choice of trading institutions, and the implications of this choice are clearly seen in the federal SO 2 trading program designed to reduce acid rain. In order to encourage early, centralized trading with low transaction costs, this program includes a sealed bid, discriminative price auction in which the highest bids for permits are matched to the lowest offers and the successful bidders pay their bid price. This auction has been criticized for generating biased price signals (Cason 1993; . Cason and Plott (1996) show that alternative (uniform price auction) trading rules can result in unbiased price signals and more efficient market outcomes, and the EPA recently proposed switching to uniform price rules for their annual auctions (Federal Register 1996) . Other experiments conducted to study emissions trading also suggest that trading institutions chosen to implement the program can have an important impact on market performance. Transactions costs can arise at various stages of trading, and can reduce transaction volume and trading efficiency. A potential trader has to learn the rules of the market, determine her optimal production plan, and decide whether to be a permit seller or buyer. The firm must then locate a trading partner. Due to the heterogeneity and relatively small number of firms in the RECLAIM market, finding a trading partner may be time consuming. Once a partner is found, the firm is required to report the transaction to AQMD. Gangadharan (1997) identifies some transaction cost impacts using field data from RECLAIM, which appear to affect firms' decisions to trade RTCs. 5
These studies include Franciosi et al. (1993) , Muller and Mestelman (1994) , Cronshaw and Brown-Kruse (1998), and Godby et al. (1997) . Cason (1998) and Muller and Mestelman (1998) provide surveys of this
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Market Institutions
Potential buyers and sellers of any commodity or asset-from pork bellies and IBM shares to RECLAIM trading credits-must execute transactions using some form of market organization. The specific trading rules governing exchange are what defines a market institution. These rules include details such as which economic agents (e.g., buyers or sellers) initiate price offers, the timing and order of such offers, how contracts are confirmed, the information available to market participants at any time, and numerous other details. More fundamentally, Smith (1982) defines a market institution as a collection of individual private property rules "under which agents may communicate and exchange or transform commodities for the purpose of modifying initial endowments in accordance with private tastes and knowledge" (pp. 924-925 ). An institution specifies the messages that an agent has the right to send (e.g., a message might be a bid, an ask, or an acceptance), the starting, transition, and stopping rules which govern these communication rights, and the right to claim payment in accordance with the outcome rules that apply to messages. The rules specified within the institution together with the behavior of agents yields a choice of messages which lead to a market outcome.
Most economic theory does not appreciate how different market outcomes can arise due to differing market institutions, and economic policy usually fails to consider how policy success or failure can be influenced by market institutions. By contrast, for many years experimental economists have studied how market institutions affect market outcomes. This focus in experimental economics can be traced to Smith's (1962) early discovery that markets organized by centralized oral double auction rules perform dramatically better than markets organized by decentralized search (Chamberlin 1948) . (The double auction rules are discussed below.)
In the RECLAIM program, AQMD planners gave some thought to market institutions when designing this permit trading program. One proposal at the RECLAIM Trading Working Group in 1993 was for AQMD to design no formal mechanism to help facilities contact or trade directly with each other. This proposal suggested that traders could rely on brokers to help bring buyers and sellers together. (Brokers provide this service, for example, in many real estate markets.) RECLAIM brokers would thus bear the search costs for potential traders, of course for a fee.
Instead of leaving the market entirely to brokers, however, AQMD planners implemented an electronic bulletin board system (BBS) to help RECLAIM participants find trading partners and reduce search costs. The BBS is operated by AQMD, and anyone can obtain a password to access this computerized network. The BBS allows firms to indicate trading interests by electronically posting offers to buy or sell RTCs. Other firms can scroll through these offers and contact the offering firm to negotiate a transaction. This form of market organization is relatively new, and until now its performance characteristics have not been assessed using laboratory methods. Some other assets trade using bulletin board markets, such as small stocks, foreign stocks, and limited partnerships on Nasdaq.
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In 1990, the National Association of Securities Dealers began a pilot electronic bulletin board market for A recent example of BBS trading is the Chicago Board of Trade Recyclables Exchange Program, a major national electronic trading marketplace to buy and sell recyclable materials. 7 Over 50 companies and municipalities from across the country are participating in this recyclables exchange market. The recyclable materials that are traded include various grades of glass, paper, and plastic. Another BBS market is Waterlink, which was developed in cooperation with the Westlands Water District, the largest agricultural water agency in the country. Farmers in California's Central Valley buy and sell water through this BBS, which contains information such as bids, sales, prices, volumes, and types of water (PERC Reports 1997) . Some of the benefits of all these bulletin board institutions include providing easier access to a larger number of buyers and sellers and timely and more accurate price information. Information available through the BBS can provide easily accessible indicators of market conditions and reduce market uncertainty. An important advantage of the BBS is that it can handle trade of heterogeneous goods.
The AQMD's adoption of the BBS is only one of several market institutions that it could sponsor to facilitate the development of RECLAIM. One important candidate is the continuous double auction (CDA) institution. In a continuous double auction, buyers post bids (offers to buy) as they compete to hold the highest ("market") bid, while at the same time sellers post asks (offers to sell) as they compete to hold the lowest (market) ask. The market bid and ask are revealed to all participants and represent the most favorable terms of trade offered at any one time by buyers and sellers, respectively. In the CDA, any buyer may accept a seller's ask at any time, and any seller may accept a buyer's bid at any time. These acceptances result in transactions at the bid or ask price that was accepted. Variants of this institution are employed on asset and commodity exchanges. This institution is particularly appropriate for homogeneous goods that trade in substantial volume. RECLAIM trading credits are homogeneous (within annual expiration categories, pollutant, and trading zone) and may trade in sufficient volume to support such a continuous market.
Our goal in comparing the CDA and BBS trading institutions is to determine how market outcomes (e.g., transaction price accuracy and volatility) differ across market institutions. The two institutions have a different language (Smith 1982) , in that the message space in the CDA is restricted to price-quantity pairs, whereas in the BBS traders can publicly post and privately transmit (during bilateral negotiations) additional information regarding trading needs. But the institutions differ the most in terms of their adjustment process rules (Smith 1982) : Unlike the BBS, (1) the CDA involves no bilateral negotiation; (2) the bid and ask quotes are binding on the proposer in the CDA; and (3) the CDA has an improvement rule which specifies that successive bids must be higher and successive asks must be lower in order to be publicly revealed. One can think of the BBS as a hybrid institution which incorporates some characteristics of the CDA (e.g., a centralized, public display of individual trading interests), with the trade execution process of simple bilateral search markets. 1990; Wall Street Journal, June 11, 1990) . In 1994, limited partnerships were added to the Nasdaq electronic bulletin board (Wall Street Journal, May 6, 1994) . 7
See http://www.envirolink.org/archives/recycle/0230.html for bulletin board information. 8
In addition to the very early laboratory study conducted by Chamberlin (1948) , Hong and Plott (1982) provides a more recent laboratory study of bilateral search.
Experimental Design
One of our main goals is to identify the performance characteristics of the BBS, compared to the benchmark of the CDA trading institution. There are now hundreds of laboratory studies employing the CDA trading institution, most of which document very efficient trading outcomes and accurate, competitive transaction prices. No laboratory studies have examined the BBS trading institution. To highlight any performance differences across institutions, we simplified the environment considerably compared to the field RECLAIM market.
For example, we do not separate the market for NO X and SO X traders because the trading rules do not differ substantially for the two pollutants. Also, instead of acquiring RTCs to cover emissions, we provided the laboratory subjects with standard induced valuations to create their incentive to trade the abstract RTC asset (Smith 1976) . Some subjects were assigned to a buyer role, and these subjects were able to "resell" any purchased units to the experimenter at the end of each trading period. Denote a specific resale value v, which varied across buyers and across units for each buyer. A buyer with value v who purchased a unit at price p earned v-p in profit on that purchase. Other subjects were assigned to a seller role, and these subjects incurred a cost c when selling a unit. These costs varied across sellers and across units for each seller. A seller with cost c who sold a unit at price p earned p-c on that sale. The resale and cost values were the subjects' private information. Each subject had a four-unit trading capacity per period, and all earned a ten-cent commission on every transaction. The trading incentives defined by this environment were held constant across the sessions conducted in the two different trading institutions.
When aggregated across buyers and sellers, these induced valuations define market demand and supply schedules. The left side of figures 1-6 below illustrate the specific demand and supply conditions within each zone for each session. The competitive equilibrium (CE) price is the price (or range of prices) at which demand equals supply. In many laboratory markets-especially those using the CDA institution-prices converge to the CE after several periods of stationary repetition. In all of our sessions, we conducted 6 periods of stationary repetition to determine the drawing power of the CE over a short trading horizon in each of the two trading institutions.
As mentioned in the introduction, this study also examines a particular type of inter-zone trading implemented by the AQMD that allows RTCs to be traded between certain firms. In each of the experimental sessions, we allocated permits to two zones, and we referred to the Coastal zone allocation as "blue units" and the Inland zone allocation as "red units." Four of the six sessions implement inter-zone trading, in which certain buyers (representing Coastal firms) could only buy blue units, while other buyers (representing Inland firms) could buy units of either color. In all cases, we implemented within-zone demand and supply conditions with lower Coastal than Inland prices. Consequently, the four sessions with inter-zone trading should result in permit migration Inland and equalized permit prices across zones. 9 In the remaining two sessions, no inter-zone trading was permitted (autarky), so essentially the Coastal and Inland markets were independent. In this case, price differences across zones can persist in equilibrium.
Our design focuses on the specific inter-zone trading rule adopted by the AQMD, which can enhance trading efficiency relative to the more stringent restriction of no permitted inter-zone trading. For our supply and demand parameters, at the competitive equilibrium, the gains from trade with inter-zone trading are 4 to 17 percent higher than the gains from trade with no inter-zone trading. Other, more complex trading restrictions are also possible to help address the varying environmental impact of emissions in different geographic zones. For example, one possibility might allow all facilities to trade with each other in order to enhance liquidity, but to fix different offset ratios across zones to account for differing environmental costs. This is an interesting topic for future research.
10 Table 1 summarizes the two-by-two experimental design. One treatment variable is the trading institution, and the second treatment variable is the inter-zone trading restriction. Our budget limited the design to include very few sessions per cell. Although we conducted only one session with no inter-zone trading in each institution treatment, the data from the two zones within each of these sessions are independent because of the trading restriction. Nevertheless, the small number of independent observations in this design do not permit formal hypothesis testing, so our study focuses on performance estimation and informal comparisons across treatments.
Procedures
All experiment participants were USC students enrolled in microeconomic principles classes. Each of the six sessions employed between 15 and 21 subjects. A key difference in implementation between the BBS and CDA sessions is the time period for each session. The three BBS sessions were conducted simultaneously over 6 weeks using the USC Web. Each trading period consisted of one week. At any time during the week, subjects could log onto the market through a web browser with an ID number and password, and they were only allowed access to market information for their own session. After logging on, subjects could then post offers to buy or sell on the bulletin board. Entering a specific price with this offer was optional, and most subjects did enter prices with their offers. Subjects could also contact other participants (typically those who had posted offers earlier in the week) to negotiate trades using e-mail or telephone; most used e-mail. Subjects frequently traded more than one unit during these negotiations. After two subjects agreed on transaction terms, the transaction was confirmed once both subjects reported identical terms to the experiment administrator via e-mail. The transaction prices were then posted on a "recent transaction prices" page on the experiment web site that all subjects in the session could access. The These rules and features of the market-including the required reporting to a central administrator (i.e., the AQMD in the field)-capture the main elements of the AQMD's RECLAIM bulletin board.
Our use of an extended (six-week) time period and subject participation at their own convenience is unusual in economics experiments, and presented several challenges. (Isaac et al. (1994) also employ a similarly long data collection period in a public goods voluntary contribution experiment in order to employ very large groups.) For example, the subject participation rate was not as high as anticipated. We initially enrolled more than 100 subjects for participation, and even promised a small extra credit bonus in class to those subjects who participated regularly. Nevertheless, only 56 subjects actually traded in any week of the experiment, and of these only 30 were "regular" participants, defined as those who traded in at least four of the six weeks. Consequently, subject earnings were lower than usual for economics experiments. Regular participants each earned $13 on average; including the irregular participants lowers this average payment to about $9 per subject.
This low participation rate also required us to adjust the original induced demand and supply schedules to reflect only the values and cost of the subjects who participated actively. We anticipated this incomplete participation and chose the initial demand and supply schedules to lead to fairly robust CE price predictions for a variety of possible patterns of non-participating subjects. For example, we implemented symmetric supply and demand schedules and several subjects on each "step" of the arrays, which helps preserve our intended CE price as long as the non-participating subjects are not predominantly buyers or sellers. We also chose a relatively narrow CE price "tunnel" (i.e., multiple infra-marginal values and costs near the CE price) to minimize changes in the CE price due to non-participation. These features of the design were generally successful in allowing us to fix (approximately) the CE price in spite of the significant non-participation rate. The supply and demand arrays shown on the left of figures 1-3 below reflect only the active experiment participants.
The three CDA sessions were conducted on different dates using the Multiple Unit Double Auction (MUDA) software developed at Caltech (Plott 1991) . Each trading period allowed exactly 5 minutes of trading. During this time period, buyers entered binding offers to buy (bids) and sellers entered binding offers to sell (asks). A transaction was confirmed immediately once a trader accepted the offer of another trader. Subjects could access the previous transaction prices at all times by pressing a function key. Offers in the Coastal and Inland markets were shown on the same screen using the multiple market feature of this software. Potential earnings per subject were very similar in the BBS and CDA markets, but the greater trading activity of the CDA markets led to average earnings of about $22 per subject for the two-hour sessions.
Results
Figures 1-3 report transaction prices in the three BBS sessions, and figures 4-6 report transaction prices in the three CDA sessions.
12 Figures 1, 2 , 4, and 5 display the sessions with inter-zone trading, and for these sessions the solid "Pooled CE" is the appropriate theoretical price prediction. Figures 3 and 6 display the autarky sessions with inter-zone trading prohibited, and for these sessions the dotted "Coastal CE" and "Inland CE" lines indicate the theoretical prices for the two zones. All six figures display transaction prices for permits originating in the Coastal zone as solid triangles, and for permits originating in the Inland zone as open circles.
Inter-Zone Trading versus Autarky
Consider first the BBS transaction prices in the sessions with inter-zone trading (figures 1 and 2). Most transactions occur at prices between the Inland CE and the Coastal CE, especially in session 2 (figure 2). No strong price convergence toward the Pooled CE is visually evident in these figures. Transaction prices are also dispersed in the CDA sessions with inter-zone trading in the first several periods (figures 4 and 5). In contrast to the BBS sessions, however, prices in the CDA sessions seem to narrow somewhat in later periods. By period 6, most transaction prices are within 30 cents of the Pooled CE in the CDA sessions. Table 2 reports the mean absolute deviation of the transaction price from the CE price by period for each session to make these visual impressions more precise. Note first that in the sessions with inter-zone trading, mean absolute price deviations from the pooled (inter-zone) CE (column 1) are nearly always lower than the price deviations from the zone-specific CE (columns 2 and 3). Next observe that in the first 3 periods of the sessions, price deviations from the pooled CE are usually higher in the double auction sessions than in the bulletin board sessions; however, this ordering is reversed in the final 3 periods of the sessions. This result is due to the substantial decrease in the absolute price deviations across periods in the double auction sessions. To summarize:
Result 1: Consistent with theory, mean absolute price deviations from the pooled CE are lower than the price deviations from the zone specific CE in the sessions with inter-zone trading.
Inter-zone trading leads to the theoretical prediction that Coastal and Inland prices should not differ and that both should be near the pooled CE. (We report t-statistics for differences in means between the Coastal and Inland permit prices to aid in the reader's interpretation of the results. However, the standard significance levels for the t-statistics are not valid because the transaction prices within a session are not independent.) In the CDA sessions with inter-zone trading (sessions 1 and 2), the absolute difference between mean Coastal and Inland zone prices ranges between 2 and 58 cents (by period) in periods 4 through 6, averaging 31 cents. The t-statistic testing for differences in these mean prices substantially exceeds 2 only in period 2 of the CDA session 1 (t=3.82) and in period 6 of the CDA session 64 TIMOTHY N. CASON AND LATA GANGADHARAN Friedman (1993) for surveys.) Figures 4-6 do not show prices converged upon the CE in later periods as is usually observed in CDA sessions, but this is because our sessions are relatively short: CDA prices usually converge by about the tenth period in similar environments (e.g., see figure 3 .3 of Davis and Holt (1993) ). As documented below, trading efficiency always exceeds 90 percent in our sessions, which is also typical. Our session with inter-zone trading prohibited (figure 6) is similar to the autarky treatment of Williams and Smith (1984) that featured temporally separated markets. As in our session, several trading periods were required for prices to diverge in the two markets (compare Williams and Smith's (1984) figure 5 ).
2 (t=2.38). This suggests that the hypothesis of equal transaction prices across zones in the inter-zone trading CDA sessions is unlikely to be rejected even if we gathered more data from independent sessions. By contrast, in the BBS sessions with inter-zone trading (sessions 1 and 2), the absolute difference between mean Coastal and Inland zone prices ranges between 2 and 76 cents (by period) in periods 4 through 6, averaging 46 cents. The t-statistics for testing the hypothesis of equal means always exceed 3 in the BBS session 1 for periods 1 through 5 (and t=2.54 in period 6). Curiously, Coastal prices generally exceed Inland prices in this session, contrary to the ordering of the Coastal and Inland CE price (see figure 1 ). In the BBS session 2, however, t-statistics are below 2 for all periods, which provides support for the hypothesis that prices are equal across zones. 13 To summarize: transactions. In BBS session 1, however, only 2 percent of the transactions were permit imports. By contrast, in the remaining 3 inter-zone sessions (in which prices tended to equalize across zones), imports were significantly higher: imports represented 22, 28, and 29 percent of the transactions in BBS session 2, CDA session 1, and CDA session 2.
Consider next the autarky sessions with no inter-zone trading (figures 3 and 6). Theory predicts that Coastal transaction prices (the triangles) should converge to the lower longdashed Coastal CE, and that Inland transaction prices (the circles) should converge to the higher short-dashed Inland CE. The Coastal and Inland prices are generally interspersed in the initial periods in both the BBS and CDA sessions; by period 6, however, Inland prices generally exceed Coastal prices and are near the theoretical predictions in both trading institutions. The mean absolute deviations shown in table 2 indicate that transaction prices become closer to the within-zone CE prediction over time, with no substantial differences across trading institutions. We observe higher average prices in the Inland zone as predicted in all 6 periods of the relevant CDA session 3, and in the final 4 periods of the relevant BBS session 3. Over the final 3 periods of each of these two sessions, absolute mean price differences across zones range from 48 to 143 cents, averaging 102 cents. The t-statistics for testing the hypothesis of equal mean prices across zones exceed 3 in most periods and in two of the three final BBS periods. In summary:
Result 3: Toward the end of the autarky sessions, consistent with theory Inland prices exceed Coastal prices.
Price Accuracy and Volatility by Trading Institution
We now turn to our second research objective, the comparison of trading institutions. Figures 7 and 8 display the mean price deviations from the predicted CE by period for each session. The most important findings concern the final (period 6) deviations. In the sessions with inter-zone trading (figure 7), mean prices are most accurate in CDA session 1. Mean prices are nearly as accurate, however, in BBS session 1. Similarly, there is no clear ranking of mean price accuracy across market institutions in the autarky sessions (figure 8). Coastal and Inland mean prices are similar in the early periods, but they approach their respective zone-specific CE in later periods for both trading institutions. This leads to the following conclusion:
Result 4: Mean price deviations from the CE are not substantially different in the two trading institutions.
Another relevant comparison for the two market institutions is their relative price volatility. On the one hand, BBS prices could be more volatile because this institution is less centralized compared to the CDA; that is, it features individually negotiated transactions. But on the other hand, the centralized nature of the CDA allows traders to share information only publicly, which could cause it to be more susceptible to temporary information cascades (or "mirages"). If this mispricing is later corrected in the trading period, we might observe greater volatility in the CDA than in the BBS. The coefficient of variation of prices for the CDA and BBS sessions suggest that BBS price volatility, if any different, is less than CDA price volatility. In the first period, the average BBS coefficient of variation is 0.11, compared to 0.24 in the CDA; in the final period, the average BBS coefficient of variation is 0.07, compared to 0.09 in the CDA. This result could perhaps also be explained in part by the possibility that subjects in the BBS may take more time to review recent transaction prices before executing transactions. Although traders have easy access to all previous transaction prices in both institutions, the rapid trade execution of the CDA may not permit a detailed examination of this information. Future experiments can manipulate the information available to subjects to test these conjectures.
Result 5: BBS price volatility, if any different, is lower than CDA price volatility.
Finally, we also compared the realized trading efficiency across the two institutions, defined as the percentage of available gains from trade realized by subjects. The CDA clearly dominates the BBS in this respect. CDA efficiencies are 92 percent, 90 percent, and 93 percent in CDA sessions 1, 2, and 3, respectively. By comparison, BBS efficiencies are 43 percent, 66 percent, and 53 percent in BBS sessions 1, 2, and 3. We do not attribute this large difference in efficiencies to properties of the trading institution per se, however. One source of these performance differences is the inactivity of some traders in the BBS sessions. Recall that, unlike the CDA sessions, participation was not required in the BBS sessions, and in each week of the BBS sessions some of the participants chose not to trade. Following the suggestion of an anonymous referee, we tried to correct for this "non-participation bias" in the BBS efficiency calculation by only including those participants who were active when calculating the maximum available gains from trade. That is, we constructed supply and demand curves and calculated potential surplus using only the active traders.
This procedure, of course, leads to higher realized efficiency, but it still falls well short of the CDA benchmark: the BBS "adjusted" efficiencies are 57 percent, 77 percent, and 68 percent in sessions 1, 2, and 3. This poor efficiency performance can also be attributed to the higher participation costs in the BBS, since we typically observe subjects trading their first one or two inframarginal units (i.e., those with the greatest profitability), but not investing the time to trade their marginal, low-profit units. We believe that the different implementations of the two institutions do not permit a clear efficiency comparison, and such a comparison would require additional experiments. 
Conclusion
Overall these results indicate that the electronic bulletin board system does not lead to highly inaccurate transaction prices. The bulletin board sessions generally performed as well as the continuous double auction in terms of price accuracy and volatility. As predicted by theory, in both trading institutions prices approached the inter-zone competitive equilibrium price when inter-zone trading was permitted, and approached the zone-specific competitive equilibrium price when inter-zone trading was prohibited. In one of the bulletin board sessions with inter-zone trading, however, Coastal prices tended to exceed Inland prices even at the end of the session.
Although our laboratory implementation of the bulletin board market faithfully captures the key aspects of the field bulletin board market used in RECLAIM, our laboratory subjects made use of the bulletin board market differently than traders in the field. In both the laboratory and the field, potential traders could offer, but were not required to offer, specific prices in their bulletin board postings. Our laboratory subjects nearly always offered specific prices, which formed the starting point for their bilateral negotiation; by contrast, in the field most traders enter "negotiable" in the area of the posting that lists a proposed price. In the field, the trading activity organized through the bulletin board has been very limited to date, perhaps because most traders do not use the bulletin board to propose specific prices. Many RECLAIM traders have instead been relying on brokers to execute transactions, an outside trading opportunity that we did not permit in this experiment.
These brokered transactions economize on informational transaction costs, but they introduce additional transaction costs in the form of brokerage commissions. In order to make the centralized bulletin board system more informative and avoid these brokerage commissions, we conjecture that a better bulletin board could be implemented with certain features of the continuous double auction. For example, the AQMD could require specific price offers, which would improve the informational content of bulletin board postings. The AQMD could also perhaps require that posted trading terms are binding on the proposer. In this way, a trade could be executed automatically if another trader electronically accepted the offer, thereby significantly reducing negotiation costs. This is merely speculation at this point, and a complete evaluation of different versions of the bulletin board trading institution should allow for outside brokered trading opportunities.
